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Abstract
Granular clay minerals for adsorption of the organic dye prepared a Na-Bentonite and
optimum condition calcined temperature 7007 and polyvinyl alcohol quantity was 25%.
Granular clay mineral stable range was pH3 to pH 9 and specific area was 83m?/g.
The adsorption of the organic dye on the Granular clay mineral showed result good
adsorption with acid medium and then enthalpy was - 3.36 ~ - 0.84 kcal/mol. It was

exhibit typical physical adsorption.
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1. AEFE

B AYPA A1E3 AEE Wemer Felicetti A19] Na-BentoniteE 42 A ¥
oz B2IJE © {718 AATRF 60T BN HZFF 50T JF LB 2u3d}
o AHESTH.

2. v ZAYS AY FHA

A4AES dause] FAAFTE vindy) st A9F FAAE Sigma Ao
20~60 meshe] TFEA YA3F HE, carboxy methyl cellulose(medium mesh, CEC
0.71meq/g), Amberlite(100-200mesh), Zeolite(10;m), cellulose(50im)E =315 2.1, 84
g (100 mesho]3})& AldrichA} A|EL HeH3A.

A9 FAAE BAAQA ez FAF F 60T LB AXF F 50T AT
oBe) @t AgEYT

3. A %

B AYoa] Mg g8 CI Acid Violet-49, C.I Acid Blue-90, C.I Acid Blue-9, C.I
Acid Red-92, C.I Acid Yelloe-42 &+ Orient A} #E-E AME-3oH, HAAZAM= v
2}gko] 99~100mol%<] SHOWAS}8HALS] polyvinyl alcoholg A}8-3t%ich 2] A<k
2o EF UA 1§ Aoz FASNA 3 22 ALEsRoen, ZE §94& =4
e o A8 & HPLCR &4F& A3
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HEE ETES AAN A3 d3F AAAEREEL IL ol 2 g8 497
SHTE WL 988 F F52AYY] oA 4N ol IAGAA FI] BEEL A
A3}iL, Soxhlet FXjo| A 24 A7t F<t oM ELE BFIA #7]1EL AA}AL.
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3l AL§-3tich

2. AERES] 24

1) pH &3

Hlo] A AlE 10gg FH3}R FHF 25mlE 715l F Ao)FE og 1 A% ¥ pH
meter& Al8-3ld pHE &3}

32 Na-Bentonite A8 9] A9¢e B3 HEZA AN ¥dlazs Gho 2HS
g 7hld 233

2) 71F 27 & HEARH &3

Y Fe] A8E FH3t accelerated surface area and porosimetry 7)7]1& A}23}9
BET oz 3340

3) 3}&zy B4
Si0,, Fe;05, ALO;, CaO, MgO, TiO;, Na;0, K;0, MnO, H,05 9] 33z EMe ¥
F BE 2 F& 2P me} 2Ysqn

3. YRHERES AHA

AZE YZAEFE dAZFL 33t SomLAI e B3 0.5N~0.005N HCl &9-&
7Hg O A-INA 1241 3] F AHfsle 24L& B4
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FAE A g1 FoldE 98 FEE ERREAZ 359 EXASFE FIAAT

6. Fadgy &3
g 298Kt 308K oA Gustafson E°] = FXAYH Aty 22
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2.303RT.T,
H =
4 T2 (logKa>-logKa1)

m. a3 ¢ 33

A 9 HEREY A=
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A4 FEJES AZRE 3t FAA FE 25%ww) F7HtL FI7ILEE 50
0Co) ol N 7&£A3 F71LE7} 600TolsolME HAARZ AHS-E polyvinyl alchol
o] QrAEA AL} YojUtA ggton, 900Col Gl ME A FERES Fx7 5
Aol Euz wWad i JEFEL A=Y 7 AU 222 E dFdAMe
FIEE HALEY 700TE s Y4 FEZES AZIIUT

2. 3849 9%

Az YA AEFES 71F279 MIRAFH L 23T AHYE Tale 1 o] 2
Table 1 oA E5o] v g HPA S ko] 20%0]Fe) A 83 m/ge 2 A gt
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Table 1. Surface Area and Pore Size of Some Granular Clay

Amount of Polyvinyl alchol Surface area Pore size

(%) m'/g (A)
5 75.6 121.7
10 774 118.6
15 819 109.2
20 83.0 110.1
25 83.2 110.2
30 83.2 1104
40 832 110.6
50 833 110.7
60 83.2 110.6

B. £9%¥ 4 AzdE 44 A=FEY 54

2% FERE, HAFHAZ AT AN AEFET AzE Y4 FEFEY
B3, 333 S48 vu 437 fdtd FPE BANYHL A By, 549
Axe ¥4, pH, FALHARAT R £4, 71F 2], 2 HEZAHE St

1. AEFE =4

WY ANBREY J}GxAPE dotRnxn HEFJES FAHAEY Si00;, ALOs, Fe0s,
CaO, MgO, TiO;, Na;0, K205 #3FE 333 Aol o3 AF sYed, 2
Z3E Table 29 Vel TE Table 2014 B A2E YAHE 3E3} Na-Bentonite
9] Aol 25 & F U

Azd AYHE BET Na-Bentonite A5 gt =8 Ao 4L AP
23 Na-Bentonite A& HAAME Al83tA &L Bentonite® B3 FEAZHE B$
&2 AL vehd WY, 94 ANEE ER HEANZRS 9 ey
Bentonite$}2] 73-¢-ot= @8 I3 dY flol #E sigde 4L JYEUdL ols
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Table 2. Chemical Composition of Na-Bentonite and Granular Clay *

Element Na-Bentonite Clay 0% -60% Granular Clay
wiw %) (wiw %)

Si02 58.9 58.9
AlLOs 34.8 34.7
Fe203 2.8 2.7
Ca0 0.2 0.2
MgO 0.7 0.7
TiO, 1.2 12
K20 13 1.3
Na0 0.1 0.1
MnO 0.1 0.1
H0 0.1 0.1

2. $49o4x 9 pH

g Ao pHE =A% A}, 2243 A|E< Na-Bentonited} F7) X% FERE
2 ZZ 102, 879 9714¢ JYehle whd, ) Jleigte d4E Bole 4L
pH7} 6.8%)0 SAZHZ JelgH

3. AAFA v 4y

448 FEFES AAFAYNA AL Fig 13 Rt} Fig. 19] BXo] A=zd
AUAE BEL AB 71T P& Holny Ao JAY & IS HT YL
g & YATh

C. 94 AERES] ¢BA

4890 e 428 FANYHI] 9% FHAZAY AAzdL o SR
89 v g N FRA7 FREAA FAHolor Bk YWHY ol LNBFA, Y3
JESA, nBAFA T A7) e B, #7187 srigoA FFsc A
2 A7dA deE 94 IERES 5894049 YL AL F899



ABEZS0 LS ASHSY S& ¢ 43

HCl F=& 0.005N o)X 05N 7b2] dFA7EA A gdolMe) 858 ZYsto
¥& AFE Table 30 B}

Table 3914 HXo] HCl ¥=7} 371848 AMHoz FHHRY 357} ga
FT7V8e AEE Holn, 53] ALOs;, Fe:0:201 Z$E 005N HCl £46) Lajs7}
A F71A%. 28y 00IN 3% oldtdNE Fixc BE o] YA HED
L ABAA AdE & ¥HE AR R3e A0 wuso] A¥AJZ R
FEo FFAUPY HAZAEL pH 30402 g}

D. €89 ¢AA

UPHEQ] AYARE SIEANAN BeHng B d7dA MHs dre . pH 6,
7,809, 10 8] §FLAE Hr3o 2838 A3 CI Acid Violet-49, C.I Acid Blue-90,
C.I Acid Blue-99] 7% pH 9 ol4to]A MA@ o] WAL= Aoz Uedon, CJ
Acid Yellow-42, C.I Acid Red-92%& pH 7o} ¢ol A WA @sto] byt

2B o] A wi} YYHEFENMY A5 FFAYPA HA pH ¥
A& AN

Fig. 1. SEM of 25%- granular clay
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Table 3. Concentrations of Dissoved Inorganic Oxides in Various HCl Medium for Granular Clay

HC! Medium
~ Normal 0.005N 0.01IN 0.05N 0.IN 0.5N
(wiw%)

SiO; 589 <0.01 <0.01 <0.01 <0.01 <0.01
ALOs 348 0.04 0.11 0.23 0.26 0.33
Fe;0s 2.8 0.001 0.002 0.03 0.03 0.03
MgO 0.7 0.02 0.02 0.03 0.03 0.04

K20 1.3 0.17 0.13 0.11 0.13 0.17
Na,0 0.1 0.1 0.11 0.1 0.1 0.1
Ca0 0.01 0.01 0.01 0.01 0.02 04

E. 94 AEFE A% /7] €429 &3

AHHESE UF 929 AP YAE ARSL FY =Y A,
pH, 94 MEBEY % 929 35 L 2o wsSolh £ APHE C. 1 Acid
Violet-498 Meste] Fxo] J vlHE V4SS ARG FHAzAL AYsD,
2 ARE YN NEAE Ye

1. AFARY 9%

dE C. I Acid Violet-497} 44 HEZEN FJHY L olF& AL &7 939
A AL 1589A 3AZR7A ARAIHEAM  JE AEZEA o C. 1 Acid
Violet-492] F2F-g ZA3lIdedl 1 23 & Table 49} Bt} Table 46)A H X o]
120201 HYo =23 olF APoME FE3 PP =23} 343 o
4 AgERP o] o] FRAPY 2= BREFEUA 298KAA FA3}AT

2. pH 9 9%

QE7F YA HEREBC) U FAYYe A pHE EASY] Aste] pHE 3004
10747 WHANDA Q4
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Table 4. Effect of Shaking Time on Adsorption C.I Acid Violet 49 by Granular Clay*

Time Adsorption amount Violet-49
Min 10-3mmol/g

15 6.79

30 8.56

60 10.64

92 11.81

120 12.61

150 12.61

180 12.61

*Taken amount of Granular Clay: 500mg; amount of dye :
9.56*10mmol; total volume of solution : 20ml;
shaking time : 3hrs.; Temp.: 298K.

Table 5. Adsorption Amount of Dye on Granular Clay pH Variation *

Adsorption amount(10-3mmol/g)
PH C.I Acid C.1 Acid C.I Acid C.I Acid C.I Acid
Violet-49 Blue-90 Blue-9 Red-92 Yellow-42
3 12.61 8.78 3.01 - 0.57
4 12.55 8.72 2.77 - 0.45
5 12.47 8.57 248 - 0.21
6 12.16 8.48 226 0.45 0.17
7 11.94 8.41 2.13 0.27 0.08
8 11.70 8.36 2.02 - -
9 11.51 8.32 1.91 - -

*Taken amout of Granular Clay : 500mg; amount of Acid
Violet-49 :9.56*10°mmol; Acid blue-90 : 1.76*107

mmol; Acid Blue-9 : 3.15*10° mmol; Acid Red-92 :

2.41*10™ mmol; Acid Yellow-42 : 1.32*10° mmol, total
Volume of solution: 20ml; shaking time : 3hrs; Temp.: 298K.

HAEFE g g8 FAFL ZASYEY 2 AAE Table 5 3 2t} Table
5014 HEo] A FgedlAe] Fago] & RAeg Yeixth. pH 1004 ME g8
9 Aol FAZE LAEERZ pH 33 pH 9Alolo A AP3ya, o] o F3a39)
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exE EZAEQl 298Kol A AyEPen, C. I Acid Violet-499] s HhEFAF
£ 139 1.91x107 mmol/ge.2 ZA 3 At

3. YA AEJES] Y

UAHERES] oo wWale] W}E CI Acid Violet-499) EXASFE S,
1 AIE Table 63 2Tk Table 6014 HXo] IFHE BES] %o] 400mg °]¢ol™
YA Ko e Bk U B APdde A¥e HAHE 1A YHAE
JE9 4L 500mgo2 ZAdd AR3}AT

Table 6. Effect of Amount Granular Clay on Adsorption of C.I acid violet-49 *

Granular Clay Amount
(mg) K
100 432
200 2.87
300 2.05
400 1.99
500 1.99
700 1.99
1000 1.99
1500 1.99

*Taken amount of dye : 1.91X 10'2mmol; total volume of solution : 20mL; shaking time :
3hrs. ; Temp. : 298K.

4. N2sxo 9%

QA HEFES %L 500mgeZ 1AL C. I Acid Violet-49¢] Fxwis}e] w&
g3 zZAVEIYcTE Table 794 B0l C. I Acid Violet-49 o] 4.75 x 10mmol ©]
Ao A A FHFE B
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Table 7 Effect of Violet-49 Concentration on Adsorption by Granular Clay*

Dye amount Adsorption amounnt
(10-2mmol/g) (10-2mmol/g)

0.16 0.31

032 0.59

0.48 0.83

0.63 1.01

1.59 1.41

4.75 1.91

6.34 1.91

*Taken amoun8t of Granular Clay : 500mg; total volume of
solution:20MI; shaking time: 3hrs.; Temp.: 298K.

5. AY¥AFe 23

44 HAEZES HoFAFL Y4 AVEFEY 4& 50mgez AT C. I
Acid Violet-49¢] Fx=¥sle] @& FFS FAA3H.

C. T Acid Violet-492] =& F7INALX © ol {FFo] 7184 e HE J
o EF&Foz 3. o] AAE Table 84 Bt} Table 804 B Fg9 727}
F3o 2 9L VA AE ¢ F Yoy olRE P89 FX F aromatic T
Og @717t NEd 98 44 AE FE) oiF EFo) WHE 22 ¢ F
t}. o] A3} F. Lope"” 59 ZAxe} Yx 3}

Table 8. Adsorption Amount of Acid Dye by Granular Clay *

Adsorption amount
Dye

(10-3mmol)
Acid Violet-49 19.12 (pH 3)
Acid Blue-90(Brilliant Blue G) 17.28 (pH 3)
Acid Blue-9 (Erioglaucine) 6.11 (pH 3)
Acid Red-92 (Phloxine B) 0.45 (pH 6)
Acid Yellow-42 2.70 (pH 3)

*Taken amout of Granular Clay:500mg; amount of Acid
Violet-49 : 6.34*10”°mmol; Acid blue-90 :
5.85*10’2mmol; Acid blue-9 :2.52*10mmol ; Acid
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Red-92 :1.81*10”°mmol; Acid Yellow-42 :
1.98*10”mmol ; total volume of solution: 20ml; shaking
time : 3hrs.; Temp.: 298K.

43 FEZES] C. I Acid Violet-49 F&HFE wlmdlr] 93] 22 2AAA Q1A
FZAo) t§ C. I Acid Violet-49 FZFS A3t 2 A7} Table 99} 7t} Table 90j)
A BRo] 84EL g JFE FED v FIAFE HAt FH 9E F3A9 F
2AFe A AEZER & AolE JeEhite AL € F Utk "M 4 HE FEL
48 s FAA FHGE X3 AHEE & AE Aol Aztdr

Table 9. Adsorption Amount of Acid Violet-49 by Adsorbent *

Adsorbent Adsor;z’:;omno:\/x;;) unt
Amberlite 3.78 X 10
Cme 1.26 X 107
Cellulose 1.01x10°
Zeolite 0.76x10°
XAD-8 1.51x10°
Granular Clay 12.61x10°
Activated Carbon 18.85x 10

*Take amount of granular clay : 500mg; taken amount dye :
acid Violet-49 : 9.56 x 107 mmol; total volume of solution :
20mL;shaking time : 3hrs.; Temp. : 298K.

F. F3dgy £3

B A7 Addg A AEFE dig g5 o FHAEHE 298K} 308K 2
g gera ZAstY 4 ATAE Table 100) VeEli(Ed FHAL9(-4H)IS
298K 9} 308K-2% oA 3.36~0.84 kcal/mol ©]]T}.

ol9} e FIAJEIE YvrHQ FHdEY gy vwsid B @ B3 Fio
2 gdEqg.
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Table 10. Adsorption Enthalpy of Dye on Granular Clay

Dye Temp. (K) log Kd -4H (kcal/mol)

Acid violet-49 298 0.30
308 0.24 252

Acid blue-90 298 0.28
308 0.23 2.10

Acid blue-9 298 0.06
308 -0.02 3.36

Acid red-92 298 0.03
308 0.01 0.84

Acid yellow-42 298 0.02
308 0.00 0.84

V.3 &

#7198 FFE AT YAFE FES JF2AAA Axda, AzE JPAHE
BEA W /71959 FAATES AR A3 83 2o
P HERFE Az HH2AL FHAY #Fo] 25%, F25& 700CAT.
U4 HEJES v FAAL 83m’/g(100~200mesh)o] 31, pH = 6.80] ).
Az YFHE FEL pH 3~9 Alo]o A A3 AT
SEM #3735 Azd ¥ FIEFEL AGF 71FYAHL Jehidd
Az A AEREA A FrI1989 F32 G0N F2Feo) 24
YEeRstoh.
6. Alxzd A4 HEZE U frd89 FFALH(-4H)E 3.36~0.84 keal/mol
2 A¥4Q 94 F4YL YA

A A

Aol 2

€ =E2 20003 wiANGn afgtEdTe Ao 23t FPE A7 AR
2 old A=Y
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